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Abstract 
 
The present study was aimed at finding out the anaerobic digestion potential of organic fraction of municipal solid 
waste of Varanasi, India. Anaerobic digestion was preferred as the organic fraction has a high moisture content of 
about 85% on an average basis and a high C/N ratio in the range of 25-30. Sodium hydroxide was added to the 
substrate in the hydrolysis phase and cow dung slurry was used as inoculums in the methanogenesis step. The pH, 
COD and VFA were the vital parameters monitored in the hydrolysis stage, while biogas production rate was the 
parameter observed during methanogenesis step. The pH  value  decreased  due  to  the  formation  of  VFA  during  
hydrolysis.  Due  to  alkaline hydrolysis pre-treatment of waste, methane production was rapid in the 
methanogenesis step. The total biogas yield was found to be in the range of 0.35-0.40 N m3/kg volatile solids with 
a methane content of 60-65 %. 
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1. Introduction 
Municipal solid waste (MSW) generation is rapidly increasing in Indian urban areas. It has started to 
create enormous waste disposal problem in recent past. MSW dumped in open dumping sites produce 
methane and carbon dioxide which are released into atmosphere causing global warming. Due to 
increased anthropogenic activities the threat of global warming has also increased [1]. Anaerobic 
digestion (AD) of source sorted and shredded garbage is an attractive option for both energy generation 
as well as waste disposal [2]. AD can be summarized in three stages namely hydrolysis, acidogenesis and 
methanogenesis [3]. AD of cattle dung has been the commercial biogas production technique for many 
years. Application of AD to other wastes such as municipal garbage is yet to obtain commercial 
acceptance in India [4]. AD is not widely practiced due to problems like low methane yield and process 
instability. The inhibitors commonly present include ammonia, sulphides, light metal ions, heavy metal 
ions etc [5]. Batch and semi-continuous AD systems are widely used for bio energy conversion of 
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organic fraction of wastes in developing countries like India. Batch digestion system is the simplest 
method to use due to its ease of application, operation, low investment and associated maintenance 
costs [6]. Rapid exhaustion of conventional energy sources has necessitated the search for renewable 
energy sources. MSW contains a significant amount of organic fraction in the range of 30–50 % by dry 
weight. It can be a useful resource if this organic fraction can be used for power generation. 
Biomethanation of organic fraction of MSW is possible to produce methane for power generation [7]. 
AD has been suggested as an alternative method of treating the high concentration of organic waste. 
The potential increase in methane production by 100 % or more through the co-digestion of fats, oils and 
greases with municipal sludge has been demonstrated in laboratory studies [8]. In addition, the AD 
process produces biogas, which can be used as a clean renewable energy source [9]. Conventional AD is 
carried out at mesophilic temperatures, that is, 308-310 K. The composition of organic fraction of MSW 
is influenced by several factors, including regional differences, climate, collection frequency, season, 
cultural practices, as well as changes in composition. The presence of wool, silk and cotton textile fibres 
are typical ingredients of MSW of Varanasi. This is due to the presence of cottage industries of 
woollen carpets and silk sarees. This paper addresses the findings of the studies of two- stage AD process. 
Hydrolysis of organic fraction of MSW using alkali in different concentrations was conducted  in the  
first  step,  while in second  step,  methanogenesis of  hydrolysed  organic fraction obtained after first 
step was assessed for MSW Varanasi, India. 
2. Methods 
2.1. Feed stock preparation and analysis 
MSW samples were collected from the dumping site of Varanasi. The city of Varanasi is centrally 
located in the Gangetic plains of North India. It experiences a humid subtropical climate with large 
variations between summer and winter temperatures. Samples were collected immediately after the 
fresh dumping from vehicles. The collected waste was manually sorted into various fractions like 
inert, combustible and biodegradable fraction. Only the biodegradable fraction was used for the study. It 
mainly consisted of vegetables, fruits, food waste, paper, grass, leaves and biodegradable textile 
fibres like wool, silk, cotton, etc. The biodegradable organic fraction obtained was mixed several times in 
the laboratory. Particle size reduction was done using a mixer grinder where the waste material was 
subjected to shredding. Shredding and mixing gives bacteria, an access to a greater surface area and it 
also reduces the retention time. The proximate analysis was carried out to determine moisture content, 
ash and volatile matter.  Total Solids percentage (TS %) of the biodegradable fraction was measured by 
heating a known weight of sample at 105 0C according to the “Laboratory Analytical Procedure (LAP-
001) (Standard method for determination of TS in Biomass) [10]. Volatile Solids percentage (VS %) of 
biodegradable fraction was measured in accordance with the “Laboratory Analytical Procedure (LAP-
005), (Standard method for determination of ash in biomass) [11]. The parameters: nitrogen, carbon, 
hydrogen and sulphur were obtained by using Perkin Elmer 2400 CHN analyser. The chemical 
composition is given in Table 1. The COD of the sample was measured by the potassium dichromate- 
ferrous ammonium sulphate method in accordance with the standard methods (Standard methods, 
1998) [12]. 
2.2. Pre-treatment conditions 
Sodium  hydroxide  (NaOH)  of  three  different  concentrations  (0.1,  0.5,  and  1  %)  was  added  to 
substrates (10 % TS) at 303-308 K in 3 different beakers A1, A2 and A3 respectively of 2 L capacity. 
Experiments of hydrolysis step were conducted on all three samples by evaluating COD, pH and VFA. 
B. V. Dasgupta and M. K. Mondal\ / Energy Procedia 14 (2012) 1931 – 1938 1933
Author name / Procedia Environmental Sciences 00 (2011) 000–000 
 
All these parameters were checked daily and measurement continued until the maximum value of VFA 
was achieved. The slurry was then transferred for methanogenesis, adjusting the pH to 6.8-7.2. Cow dung 
slurry was added as inoculums in the methanogenesis step (15% by volume). This inoculum was 
prepared by adding water to cow dung and keeping it for 6 days in a conical flask purged with nitrogen. 
The  characteristics of the  inoculums are  given in Table 1. The amount  of biogas produced  was 
observed in all three cases. The biogas production potential of cow dung slurry was assessed separately 
and this biogas amount was deducted from the total biogas to get the yield of MSW biogas. Once the 
biogas production stopped, the slurry was filtered and sludge was analysed for TS and VS. Reduction 
in total solid and volatile solid was also evaluated. 
Table 1 . Chemical composition of MSW and inoculum cow dung 
 
 
Parameter  Weight(g kg-1)  
 MSW  Inoculum
Moisture 831  842
Total solids 169  158
Volatile solids* 601  142
Ash* 399  858
Carbon 423  483
Hydrogen 68  -
Nitrogen 16  23
Sulphur 4  -
 
2pH 5.97 6.5 
* On the percentage of total solids; (-) Not detected. 
2.3. Experimental set-up 
Glass beaker of 2 L capacity   was used during hydrolysis stage and for second step of methanogenesis 
this glass beaker was kept inside master anaerobic jar. It had two ports, one for nitrogen gas inlet to 
maintain an inert atmosphere and the other port used for the outlet of produced gas as shown in Fig. 1. 
Both the stages of experiments were carried out at room temperature i.e. 303-308 K. 
 
Fig. 1. Experimental set-up for anaerobic digestion: 1. Nitrogen cylinder, 2. Master anaerobic jar, 3. T-joint, 4. 
Sampling port, 5. Water displacement column, 6. Gas inlet, 7. Gas outlet, 8. Gas collection port, 9. Pressure gauge, 10. 
Water filling bottle, 11. Water collection beaker 
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2.4. Gas measurement and analysis 
The gas production rate was observed using a graduated 1000 ml burette filled with water (water 
displacement method) (Fig. 1). Biogas composition was determined using a Gas Chromatograph (GC) 
(Nucon 5765, New Delhi, India) equipped with a thermal conductivity detector. The carrier gas used 
was helium and the analysis was carried out at carrier gas flow rate of 30 ml/min with the injector, 
column and detector temperature maintained at 393, 363 and 393 K, respectively. For the analysis of 
methane content in the biogas, a   syringe of 1000 µl was used and 100 µl sample was injected through 
the injection port of the GC. 
3. Results and discussion 
The  influence  of  NaOH  addition  on  COD  solubilisation,  pH  values,  VFA  production,  
biogas 
production, reduction in TS and reduction in VS were evaluated. 
3.1. Influence of NaOH addition in hydrolysis step 
3.1.1 Effect of NaOH on soluble chemical oxygen demand (SCOD) of the sample 
As the amount of NaOH increased, COD solubilisation also increased. In case of all concentrations of 
alkali, the COD value increased initially and then decreased, resulting in 30 % COD solubilisation in 
0.1 % NaOH concentration. After the first day COD value was very high for both 0.5 and 1 % NaOH 
concentrations. Eventually it decreased and finally attained almost a constant value giving 60 % and 73% 
COD solubilisation, respectively. The COD value increased on second day may be due to the fact that 
NaOH helped in the breakage of complex molecules like carbohydrates, proteins and fats into a mixture 
of free amino acids and small peptides resulting in high concentrations of SCOD. Slurry with 1% NaOH 
showed a low value of COD after 4 days and in other cases it took 6 days to reach low values as shown 
in Fig. 2. 
 
 
Fig. 2. Variation of COD with different concentrations of NaOH in hydrolysis 
The SCOD concentration of all the reactors in Fig. 2 increased and then decreased. This result is in 
agreement with the work of other authors [7]. The SCOD value in case of 1 % NaOH was the highest 
because more NaOH produced more SCOD during the pre-treatment. SCOD removal is a parameter 
that represents the degree of hydrolysis and solubilisation achieved by the acidogenic bacteria [13]. 
After 4 days, the SCOD value came down showing the presence of carboxylic acids like acetic acid, 
propionic and butyric acid.  The reaction of alkali agents with esters, acids, free carboxylic groups etc. 
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yielded low value of COD [14]. 
3.1.2 Effect of NaOH on pH of the sample 
The pH values of the samples in the initial stage, without alkali addition were 5.97. When they were 
treated with 0.1, 0.5, and 1 % NaOH concentration, pH values came to be 8.9, 10.4 and 12, respectively 
on the first day. Due to the hydrolysis and acidogenesis, the pH values were decreased with increase in 
time. In the case of 0.1 % NaOH the final pH value was reduced to 4.8 on 6th   day. In the other two 
cases the pH was above 5 when COD value stabilized (Fig. 3). 
 
 
Fig. 3. Variation of pH with different concentrations of NaOH in hydrolysis 
3.1.3 Effect of NaOH on VFA production 
The VFA profile is shown in Fig .4. The VFA production increased in all cases and then decreased 
which was similar to SCOD. The slurry with highest alkali (1 % NaOH) concentration showed the 
maximum VFA value on 4th  day. In the other two cases the highest value of VFA was achieved on 6th 
day. The pH values also dropped with the increase in VFA. 
 
 
Fig. 4. Variation of VFA with time 
 
 
3.1.4 Effect of NaOH on TS 
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Total solid was checked after stabilization of COD. In the slurry with 0.1 % NaOH concentration 
there was a reduction of 10 % TS. In 0.5 % NaOH added to the slurry the reduction was about 35 % and 
in 1% NaOH mixed slurry there was 30 % reduction in TS. This indicates that as the concentration 
of NaOH exceeded a particular limit, the TS reduction was decreased. 
3.2. Influence of NaOH added hydrolyzed sample in methanogenesis 
3.2.1 Effect of NaOH on biogas yield 
The hydrolysed samples with the addition of various concentrations of NaOH and inoculums were 
subjected to methanogenesis. The addition of sodium bicarbonate was done to adjust the pH to 6.8-7.4 
which is ideal for methanogenesis. It was found that the biogas production started after 24 hours in all the 
three cases. The amounts of biogas produced in all 3 cases were different with highest yield of 0.40 
Nm3/kgVS from 0.5 % NaOH added slurry in a period of 15 days. Slurry with 1 % NaOH produced the 
lowest amount of biogas of 0.25 Nm3/kg VS in a period of 10 days. Slurry with 0.1 % NaOH produced 
0.35 Nm3/kgVS of biogas in a time of 15 days. Low gas production in the first case can be attributed to 
the fact that a drop in pH below 5 occurred, which might have killed the methanogenic bacteria. In the 
case where high concentration of NaOH was used the biogas production was very low due to the fact 
that almost all organic compounds were solubilised and converted into carbon dioxide during the initial 
days. NaOH did not improve the conversion of soluble COD into biogas. Moreover high concentration of 
NaOH must have adversely affected the digester performance because of the no acclimatization of 
methanogens [15]. During the first 2 days of biogas production the carbon dioxide percentage was 
more and then methane percentage increased. The biogas production increased with passage of time 
and showed peak values on 7th  day in the first two cases and 4th  day in case of 1 % NaOH hydrolysed 
slurry. The cumulative biogas production in all three cases is shown in Fig. 5. 
 
 
Fig. 5. Cumulative biogas production 
3.2.2 Effect of NaOH on total VS reduction 
The sludge subsequent to filtration of slurry was analysed for VS. From Fig. 6 it was observed that 
sludge with 0.1, 0.5 and 1 % NaOH showed decrease in total VS as 60, 80 and 75 %, respectively. 
 
 
 
 
 
 
 
90 
 
B. V. Dasgupta and M. K. Mondal\ / Energy Procedia 14 (2012) 1931 – 1938 1937
Author name / Procedia Environmental Sciences 00 (2011) 000–000 
 
To
ta
l v
ol
at
ile
 s
ol
id
 re
du
ct
io
n(
%
) 
80 
 
70 
 
60 
 
50 
 
40 
 
30 
 
20 
 
10 
 
0 
0.0     0.1     0.2     0.3      0.4      0.5     0.6     0.7      0.8      0.9       1.0        1.1      1.2 
Conc. of NaOH (%) 
 
Fig. 6. Total VS reduction with different concentrations of NaOH methanogenesis 
4. Conclusions 
From the results obtained it can be concluded that OFMSW of Varanasi is a good source of biogas. 
The 1 % NaOH showed improved results in terms of hydrolysis yield, because of the presence of wool 
fibre in the waste, but the biogas production was less due to no acclimatization of methanogenic bacteria 
or the  maximum conversion of volatile solids into carbon dioxide during hydrolysis stage. In 
batch digestion trials; the microbial consortium never has the chance to acclimatise to local 
conditions, as they change throughout the trial. More research is required in the future concentrating on 
this microorganism culture. 
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